Objective: To examine influences on neonatologists' decision-making regarding resuscitation of extremely premature infants.
Introduction
Morbidity and mortality data from infants born at the extreme limits of viability provide interpretation of advances made in neonatology and influence resuscitation decisions in the delivery room. A recent report in the United States of mortality for extremely low birth weight infants in the 1990s assessed survival based on birth weight alone. 1 However, gestational age may be the only information available to neonatologists at an intrapartum prenatal consult or delivery of an extremely preterm infant. Two studies from outside the United States have evaluated mortality by gestational age. Among live-born births in Norway in 1999 through 2000, results showed dramatic weekly improvements in survival (16%, 23 weeks; 44%, 24 weeks; 66%, 25 weeks; and 72%, 26 weeks). 2 During an analogous time period in Belgium, similar marked increased survival by increasing gestational age was found. 3 Factors other than survival may influence medical support decisions at the extreme limits of viability. [4] [5] [6] By 2002, reports estimated a 30 to 50% chance of moderate to severe neurodevelopmental disability including blindness, deafness and cerebral palsy for infants born between 23 and 25 weeks, with many infants assessed at 18 to 30 months displaying more than one disability. [7] [8] [9] Federal regulations, such as the Baby Doe recommendations suggesting involvement of care review and ethics committees in the decision-making process, may also influence care. 10, 11 While implemented after this current research, the BornAlive Infants Protection Act from 2002 establishes the terms 'individual,' 'person,' 'human being' or 'child' as any infant born alive at any stage of development. 12 Withholding medical care from an infant born alive may be interpreted as a violation of the Emergency Medical Treatment and Labor Act. 13 Therefore, as has been suggested, the fear of litigation may affect physicians' practice of medicine by creating a strong disposition toward respecting parental wishes. 4 All of these factors may influence neonatologists' decisions, made either individually or with parents, regarding whether to initiate resuscitation of an infant at the extreme limits of viability.
Many neonatologists would never resuscitate an infant at 21 weeks gestation and many neonatologists would always resuscitate an infant at 26 weeks gestation. 5, 6, [14] [15] [16] The difficult decisions arise in what some call the gray zone, between 22 and 25 weeks gestation, where no standard exists. Without a clear mandate, doctors must make ethical life or death decisions based on nonmedical criteria. We designed this study to confirm the perception that neonatologists make delivery room resuscitation decisions within a gestational age gray zone based on subjective criteria.
Methods

Subjects
A survey was mailed to all practicing Illinois neonatologists listed in the American Academy of Pediatrics neonatal-perinatal directory. 17 Three mailings were sent from December 2001 through March 2002. The Children's Memorial Hospital Institutional Review Board approved the study.
Data instrument
A 27-item survey instrument included items on demographics, ethics education during fellowship training, current practice, past involvement in lawsuits and exposure to ethics committees. Questions with Likert scale response options assessed physicians' viewpoints regarding ethics committees, religious feelings, litigation, parental involvement in decisions and similarity to others in their practice. Questions regarding exposure to didactic teaching or continuing medical education in ethics during fellowship were combined into a single variable defined by the most frequent response. Four questions were used to define the upper limit (UL) and lower limit (LL) of the gestational ages for resuscitation decisions considering personal preferences (that is, personal gray zone) and contrary parental wishes and newborn condition (that is, parentally opposed gray zone) ( Table 1) . When discussing gestational age throughout the questionnaire, it was implied that 23 weeks gestation, for example, was inclusive of 23 weeks 0/7 days through 23 weeks 6/7 days; 24 weeks gestation would then start at 24 0/7 weeks. Table 2 and the annual number of deliveries of infants <26 weeks at the practitioner's busiest hospital site (<median versus Xmedian).
Data analysis
Logistic regression (LR) analyses examined associations with two dependent variables: upper limit (UL) personal gray zone and UL parentally opposed gray zone. Independent variables with P<0.05 were entered into multiple LR models. Interaction effects were examined. Final models showed good fit using the method of Hosmer and Lemeshow. 18 Due to few individuals selecting a LL gray zone less than a median value, LR was not developed for LL associations.
Results
Response
Of the 182 surveys sent, 53 were returned undeliverable. Of the remaining surveys, 66% (85/129) were returned completed and were analyzed. Response rate for individual items varied minimally, and was X95% for most items, exceptions where noted.
Subject characteristics
Characteristics of respondents are presented in Table 2 . Nearly all (99%) had access to an ethics committee. The annual median number of deliveries occurring at the busiest hospital at which they practiced was 3000 (range 0 to 10 000 deliveries). Respondents (n ¼ 72) estimated that at their busiest hospital, a range of 0 to 150 deliveries annually were infants <26 weeks gestation (median 40 deliveries).
None of the respondents reported involvement in a lawsuit for having gone against the parents' wishes to provide or not provide resuscitation in the delivery room. Ten neonatologists (12%, 10/81) Table 1 Definitions of the limits of the 'gray zone' for resuscitation considerations Personal gray zone LL: individual, independent choice for gestational age at or below which resuscitation would consistently be withheld UL: individual, independent choice of highest gestational age at which withholding of resuscitation would consistently be allowed and above which resuscitation would be provided Parentally opposed gray zone LL: acting against parental wishes for resuscitation and based on newborn's condition, the gestational age at or below which resuscitation would consistently be withheld UL: acting against parental wishes for non-resuscitation and based on newborn's condition, the gestational age at which resuscitation would be consistently provided Abbreviations: LL, lower limit; UL, upper limit. Abbreviation: CME, continuing medical education.
Decision-making in the delivery room by neonatologists AR Weiss et al had resuscitated one or more infants the parents did not want resuscitated, leading to 40 total resuscitations. Eight neonatologists (10%, 8/79) had not resuscitated one or more infants the parents wished to be resuscitated, leading to 32 total decisions not to resuscitate. Five neonatologists reported both resuscitation and withholding of resuscitation actions.
Gestational age limits for resuscitation
The LL of the personal gray zone at or below which neonatologists felt resuscitation would consistently be withheld, based on their individual, independent choice, was defined by a median of 22 weeks (Figure 1a ). Fifty-five percent of neonatologists stated they would not resuscitate within the 22nd week of gestation and 22% in the 23rd week. The UL of the personal gray zone above which they felt resuscitation should be obligatory and at or below which they would still consider not resuscitating was defined by a median of 25 completed weeks (Figure 1a ). Eighty-five percent of respondents chose the UL of the personal gray zone above which resuscitation would be enforced as between the 23rd and 26th completed weeks (25% after the completion of the 24th week of gestation, 19% after the completion of the 25th week and 7% after the completion of the 26th week). If time permitted prenatal counseling and the neonatologist was in opposition to parents' desires for providing or withholding resuscitation based on gestational age and newborn condition, the LL and UL chosen for the parentally opposed gray zone remained the same, at a median of 22 weeks and 25 weeks, respectively ( Figure 2 ). For the LL, 40% of respondents believed they would reject a resuscitation request during the 22nd week despite parental wishes and 31% would reject during the 23rd week. Conversely, 27% believed that 24 weeks gestation was the UL for refusal of the parent's request for non-resuscitation; 30% chose 25 weeks and 23% chose 26 weeks (Figure 1b) . UL and LL choices were related, with the difference between personal gray zone LL and UL a median of 2 weeks (range 1 to 6 weeks); parentally opposed gray zone limits also differed by a median of 2 weeks (range 0 to 6 weeks). Gestational age choices between personal and parentally opposed limits were strongly positively correlated (for ULs: Spearman's r (0.685), P<0.001 (n ¼ 82) and for LLs Spearman's r (0.584), P<0.001 (n ¼ 77)). The reported parentally opposed gray zone UL for enforced resuscitation, based on infant condition, was higher than their personal gray zone UL for 39% of respondents (41% identical and 20% lower). The parentally opposed gray zone LL at which the neonatologist, based on the infant's condition, felt they would not resuscitate was lower than their personal gray zone LL for 10% of respondents, identical for 55% and higher for 35% (n ¼ 77).
Factors influencing upper limit of gray zones
Choice of the UL of their personal gray zone at <25 completed weeks gestation for enforced resuscitation was associated with fear of litigation and higher frequency of education in ethics during Decision-making in the delivery room by neonatologists AR Weiss et al fellowship (Table 3) . Less routine involvement of parents in decisions approached significance. Notably, all other factors considered (see Table 2 and Methods), including perception of religious intensity and perception of influence of religious belief on practice, did not even approach significance (data not shown). The LR model to understand the relative importance of factors associated with selecting a gestational age below the UL personal gray zone median included three variables (n ¼ 78). Neonatologists who chose an UL personal gray zone for enforced resuscitation at <25 completed weeks gestation were more fearful of litigation compared to the group choosing a higher limit (adjusted odds ratio 4.9, 95% confidence interval 1.6, 15.5). These physicians were more likely to have received formal ethics teaching during fellowship (adjusted odds ratio 3.9, 95% confidence interval 1.2, 12.2). Additionally, they were less likely to consider the parent's opinion all the time in choosing whether or not to resuscitate (adjusted odds ratio 0.3, 95% confidence interval 0.1, 0.996). There were no significant interactions between variables.
Selection of an UL of their parentally opposed gray zone at <25 weeks gestation was associated with fear of litigation (Table 3) . Having previously asked an ethics committee to assist in making a decision approached significance and was therefore also included in the LR model (n ¼ 78). Only fear of litigation was significant in the final model (adjusted odds ratio 3.5, 95% confidence interval 1.3, 9.5).
Factors influencing lower limits of gray zones
No variables were significantly associated with choice of personal gray zone LL<22 weeks. Preference for a LL parentally opposed gray zone <22 was significantly associated with practice in a hospital with more frequent birth of infants <26 weeks gestation (Table 3) .
Discussion
Major findings
Physicians have two ways of making delivery room resuscitation decisions, either on their own or under the influence of parents' wishes. In each of these circumstances, past experiences help the neonatologist formulate guidelines for resuscitation decisions, thus setting up gray zone limits, that is, gestational age limits when resuscitation is withheld or above which it is enforced. Fear of litigation and ethics teaching during fellowship seem to play a large role. The gestational age for withholding resuscitation was fairly fixed and minimally impacted by parental input, suggesting a belief in a biological limitation of viability.
Fear of litigation
Previous studies have evaluated the effects of fear of litigation on delivery room resuscitation decisions. The number of neonatologists reporting a malpractice claim or suit brought Abbreviations: CME, continuing medical education; LL, lower limit; UL, upper limit.
Decision-making in the delivery room by neonatologists AR Weiss et al against them doubled from 24 to 44% between 1987 and 1995. 4, 19 While most (91%) of physicians participating in delivery room decisions to resuscitate have reported that the legal system had no effect on their care of neonates, 20 the litigiousness of parents may result in resuscitation of infants against the physician's better judgment. 4 This preference for resuscitation held true in this Illinois study. Even with a paucity of lawsuits against the Illinois neonatologists responding in this study, those fearing litigation were more afraid of being sued if they did not resuscitate and indicated a preference for enforcing resuscitation starting at younger gestational ages.
Ethics teaching
Given current ethics teachings, it seems likely that delivery decisions would strongly consider parents' choices and take account of past legal decisions. Interestingly, the ethics training was only a factor for the neonatologists' personal UL gray zone, not the parentally opposed gray zone. With no parents' wishes to consider, both legal considerations and ethics training appeared to have influenced their decision-making. When making the decision on their own, the study suggested that neonatologists will bring in their ethics training and consider beneficence, the notion of best interests to the patient, in their decision-making. However, neonatologists' resuscitation decisions against parents' wishes were influenced by fear of legal action, as discussed above, regardless of ethics training. Fear of litigation may increase in importance when opinions on resuscitation differ between parents and neonatologists. Medicine can possibly move in the correct direction when the principles of ethics education instead of fear of lawsuits guide treatment practices.
Extent of parental authority in resuscitation decisions
The American Academy of Pediatrics Committee on Bioethics stresses that physicians must understand their own personal values while forming a working partnership with parents. 21 However, decisions neonatologists make before a birth may involve speculation about neonatal outcome and may not reflect up-todate information. 22 Recognition of the subjectivity and uncertainty inherent in physician decisions about infant resuscitation and the authority of parents suggests that parents have a right to informed refusal of resuscitation if they believe the refusal represents the infant's best interests. 23 However, even when neonatologists know parents' resuscitation preferences, the benefit of resuscitation in the delivery room perceived by the neonatologist may render the parents' wishes of secondary importance. 24 Getting parents involved in resuscitation decisions Despite a historic shift in biomedical ethics toward a model of shared physician and patient or parent decisional authority, neonatologists may not always involve parents, as evidenced by less parental involvement by those choosing a younger gestation age for obligatory resuscitation. The intent to resuscitate extremely premature infants while limiting parental involvement gives rise to concern considering that the decision by the neonatologist involves largely subjective values rather than objective medical data.
Given the many potential constraints (for example, lack of time and language barriers), the difficulties individual physicians may experience attempting to involve parents in resuscitation decisions are understandable. The American Academy of Pediatrics guidelines for counseling parents on the survival and outcome of premature infants stresses joint decision-making. 25 However, there may be poor concordance between physicians and parents about medical information discussed during prenatal consults. 26 Prenatal consults generally include a focus on objective statistics about the viability of premature infants by gestational age. However, the meetings may place little emphasis on the subjective nature of delivery room decisions or help parents understand the influence of the neonatologist's personal opinions or the limits the neonatologist places on parental authority over the resuscitation decision.
Variability in gray zone limits between neonatologists
Neonatologists do not always perceive fixed resuscitation limits. A recent study by Peerzada et al. 6 reported that 93% of responding neonatologists considered treatment futile at <23 weeks gestation and 90% felt that resuscitation during the 23rd week was of uncertain benefit and would defer to parental wishes. This acceptance of parental authority follows the decision-making guidelines set forth >20 years ago by the President's Commission. 27 A 2002 study found that 9% of neonatologists would never reject parental resuscitation requests, even with fetuses p21 weeks gestation. 15 Based on 100% mortality at 21 weeks, 28 the reasons behind this early age for resuscitation remain unclear.
Why physicians may resuscitate non-viable infants
In a 1997 article, Pinkerton et al. 23 stated that neonatologists favor the ethical tenet of 'physicians ought to opt for life.' The application of this tenet could result in more and earlier resuscitations, which could be abetted by both the 2002 Born-Alive Infants Protection Act and a misunderstanding of the Baby Doe guidelines as enforcing resuscitation for all regardless of circumstance. 10, 29 Physicians can resuscitate 'no matter how premature, how unlikely to survive, how likely to incur severe disabilities, or how strongly the parents object.' 22 Non-resuscitation of marginally viable infants is supported by the American Academy of Pediatrics Committee on Bioethics, which stresses beneficence from physician to child as paramount. We found that variations in resuscitation practice intentions reflected neonatologists' experiences, fear of litigation and the opinions of parents involved in the decision-making process.
Other influences
Neither gender, perceived religious intensity, perceived influence of religion on their practice of medicine, place or type of practice, similarity to other neonatologists in their group, length of time since fellowship nor total number of deliveries per year were significantly associated with resuscitation limits. The results support the lack of perceived influence of religion on decisionmaking found in previous reports 20, 30, 31 and differ from studies that report that physicians with <10 years of experience were more willing to withhold resuscitation due to parental request. 6, 32 Limitations This study has several limitations. First, we report only on individual beliefs not validated by observation of actual behaviors. However, beliefs can form the basis upon which neonatologists act. Second, we asked respondents to make decisions based on gestational age. Gestational age remains the strongest piece of information currently available for prognosis in the delivery room; the predictive value of the infant's condition at delivery is only beginning to be evaluated and merits further study. 33, 34 While an accurate birth weight is not obtained until after the delivery, such information may be an important part of resuscitation actions, but was not considered in this study. Possibly full resuscitation should be instituted until the infant's condition and birth weight are known. Third, while we asked about ethics training during fellowship, we did not inquire about such training since completion of fellowship.
Conclusions
This study demonstrated some subjective influences on resuscitation decision-making in the delivery room. The chosen gestational ages for resuscitation may be influenced by fear of litigation, ethics teaching during fellowship training and parental desires. The gray zone has not changed recently, but neonatologists should remain mindful of how their personal experiences and feelings may influence their resuscitative practices regarding extremely premature infants.
